Substrate-specific conformational regulation of the receptor tyrosine kinase VEGFR2 catalytic domain.
The contributions of the phosphoacceptor and the catalytic domain context to protein kinase biology and inhibitor potency are routinely overlooked, which can lead to mischaracterization of inhibitor and receptor functions. The receptor tyrosine kinase vascular endothelial growth factor receptor-2 (VEGFR2) is studied as a model system using a series of phosphoacceptor substrates (k(cat)/K(m) 684-116,000 M(-1) s(-1)) to assess effects on catalysis and inhibitor binding. ATP-competitive inhibitor potency toward the VEGFR2 catalytic domain (VEGFR2-CD) varies with different phosphoacceptor substrates, which is unexpected because the phosphoacceptors do not affect K(m,ATP) values. Indazole-based inhibitors are up to 60-fold more potent with two substrates (gastrin, minigastrin) relative to the others. Thus there is a component of uncompetitive inhibition because a specific phosphoacceptor enhances potency but is not strictly required. This substrate-specific inhibitory potency enhancement correlates with phosphoacceptor active site saturation and is not observed with other related kinases. The effect is confined to a specific catalytic domain conformation because autophosphorylation eliminates the potency enhancement as does the addition of the juxtamembrane domain (20 amino acids). Indazole inhibitor structure-activity analysis reveals that the magnitude of potency enhancement correlates with the size of the substituent that binds in a regulatory region of the active site. VEGFR drugs profiled with VEGFR2-CD using minigastrin have potency well-correlated with inhibition of full-length, cellular VEGFR2 autophosphorylation, an indication that the minigastrin-induced conformation is biologically relevant. These findings raise the possibility that inhibitors directed toward a common target can have different biological effects based on the kinase-substrate complexes present in different cellular contexts.